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To the Honorable Board of Patent and Appeals and Interferences: 



The Appellants hereby submit their Brief on Appeal in the patent application 
identified above. The fee of $300.00 required by 37 C.F.R. § 1.17(c) for the submission 
of an appeal brief is enclosed herewith. 
Real Party in Interest 

The real party in interest is United States of America, as represented by the 
Secretary, Department of Health and Human Services, Washington, D.C., as assignee of 
the pending application. 
Related Appeals and Interferences 

Appellants are aware of two related applications that are also currently under 
appeal. United States Serial No. 07/691,728, of which the present application is a 
divisional, has been submitted on appeal to the board since June 20, 1994. United States 
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Serial No. 08/472,507, which is also a divisional of the 07/691,728 application, is also 
currently on appeal. While the technologies of the three applications are related and the 
three appeals may share some underlying issues, Appellants do not believe that the three 
appeals necessarily share the same ultimate issue of patentability. 
Status of Claims 

Claims 7, 8, and 16-21 are pending in this case and currently stand rejected. 
Claim 4 was cancelled in the Preliminary Amendment filed June 7, 1995. Claim 16 was 
added in the Amendment filed July 30, 1996. Claims 17-21 were added in the Amendment 
filed October 28, 1997. 
Status of Amendments 

No amendment was filed after final rejection. 
Summary of Invention 

The present invention is directed to novel herpes simplex virus (HSV) gG-1 
and gG-2 antigens. The antigens of the present invention are recombinant HSV 
glycoproteins and are best described by the process used to produce them. These antigens 
are produced by an expression system using novel recombinant baculoviruses (Autographa 
calif ornicd). The gene for either HSV gG-1 or gG-2 glycoproteins is inserted into the 
novel vectors such that the translation initiation codon of the HSV glycoprotein gene 
directly abutts the polyhedrin promoter sequence of the native baculovirus. Thus, the gG-1 
or gG-2 gene is juxtaposed with the baculovirus polyhedrin gene precisely at the translation 
initiation cite without missing any nucleotide present in the 5' region of the wild-type 
polyhedrin gene or without adding any extraneous nucleotides at the translation initiation 
cite. The recombinant baculoviruses containing the gG-1 or gG-2 gene is then used to 
infect insect cells which, in turn, produce an antigen, the HSV glycoprotein corresponding 
to the gene contained in the baculovirus vector. 

Because recombinant baculoviruses thus constructed have much higher rates 
of expression, glycoprotein antigens produced by this process can be isolated in much 
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purer form. Additionally, antigens produced by the process are structurally different from 

antigens produced by other means, including other recombinant baculoviruses. 

Issues 

I. Whether recombinant HSV gG-1 and gG-2 antigens are patentable 
over Lee, et al. (AA1 - J. Clin. Microbiology, 1985) or Lee, et al. (AW - /. Virological 
Methods, 1986) in view of Luckow, et al. (AO - Bio/Technology, 1988), Matsuura, et al. 
(AP- /. Gen. Virology, 1987), and further in view of Krishna, et al. (J. Gen. Virology, 
1989). 

II. Whether recombinant HSV gG-1 and gG-2 antigens produced by 
employing a recombinant baculovirus having the 5' nontranslated leader sequence of the 
polyhedrin gene joined to the coding region of a foreign gene precisely at the translation 
initiation codon of the polyhedrin gene, without either missing any nucleotide present in 
said initiation codon or introducing any extraneous nucleotide at the intiation codon site are 
patentable over Lee, et al. (AA1) or Lee, et al. (AW) in view of Luckow, et al. (AO), 
Matsuura, et al. (AP), and further in view of Krishna, et al. (7. Gen. Virology, 1989). 

Grouping of Claims 

The Appellants contend that not all of the rejected claims stand or fall 
together, but the following groups are each separately patentable in view of the art relied 
upon by the Examiner and the evidence submitted by the Appellants. 



Group- 

-fit- 


Independent- 

l,:|f€lairriM 


Dependent 


Group I 


Claim 16 


Claims 18 & 19 


Group II 


Claims 7 & 8 


Claim 17*, 20 
&21 



*Claim 17 depends from Claim 16 but is separately patentable from it. 
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Argument 

L Separable Patentability of the Claims of Group I and Group II 
Pursuant to 37 C.F.R. § 1.192(c)(7), Appellants include the following 
explanation of the separable patentability of the claims of Group I and Group II. The 
claims of Group II contain the limitations of the claims of Group I plus an additional 
limitation not contained by the claims of Group I. Specifically, the claims of Group II 
contain a product-by-process limitation that recites that the claimed antigens are produced 
by employing a recombinant baculo virus having the 5' nontranslated leader sequence of the 
polyhedrin gene joined to the coding region of a foreign gene precisely at the translation 
initiation codon of the polyhedrin gene, without either missing any nucleotide present in 
said initiation codon or introducing any extraneous nucleotide at the initiation codon site. 
Additional evidence has been submitted by Appellants during prosecution to show that 
antigens produced by the process recited in the product-by-process limitation are patentably 
distinct and unobvious. The product-by-process limitation and the additional submitted 
evidence give Group II separable patentability with respect to Group I. 

II. Summary of Argument 

The Examiner rejected claims 7, 8 and 16-21 under 35 U.S.C. § 103 as 
being obvious and unpatentable over Lee, et al. (AA1) or Lee, et al. (AW) in view of 
Luckow, et al. (AO), Matsuura, et al. (AP), and further in view of Krishna, et al. (/. Gen. 
Virology, 1989). The Examiner asserted that the cited references, in combination, disclose 
all of the limitations of the claimed invention. 

The claims of Group I (Claims 16, 18 and 19) and the claims of Group II 
(Claims 7, 8, 17, 20 and 21) are drawn to recombinant baculovirus expressed HSV gG-1 
and gG-2 antigens. The Examiner has cited references that disclose non-recombinant HSV 
gG-1 and gG-2 antigens and references that disclose the use of various baculovirus vectors 
to express proteins. However, Appellants have demonstrated that recombinant HSV gG-1 
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and gG-2 antigens are distinct from non-recombinant HSV gG-1 and gG-2 antigens and 
that the cited references provide no motivation for producing pure recombinant HSV gG-1 
and gG-2 antigens in baculo virus vectors. 

Furthermore, the claims of Group II are unobvious because they contain a 
product-by-process limitation. Product-by-process claims are patentable if the product of 
the process recited in the product-by-process limitation is patentably distinct from prior art 
products. Ex parte Gray . 10 USPQ 2d 1922 (Bd. Of Patent Appeals and Interferences, 
1989). 

Appellants understand that the burden is on the Appellants to present 
evidence that the product identified by the product-by-process claims exhibits unexpected 
properties not exhibited by the prior art product. Appellants have met this burden by 
submitting evidence that the gG-1 and gG-2 antigens produced by the baculovirus vector 
recited in the product-by -process limitation of Group II are patentably distinct from gG-1 
and gG-2 antigens that would be produced by other putative baculovirus vectors. 

III . The cited references fail to make the baculovirus expressed 
recombinant HSV gG-1 and gG-2 antigens of Groups I and II obvious. 

The Examiner rejected claims 7, 8 and 16-21 under 35 U.S.C. § 103 as 
being obvious and unpatentable over Lee, et al. (AA1) or Lee, et al. (AW) in view of 
Luckow, et al. (AO), Matsuura, et al. (AP), and further in view of Krishna, et al. (/. Gen. 
Virology, 1989). However, there is no teaching in any of the cited references of 
recombinant gG-1 or gG-2 antigens produced by any means, and there is no motivation in 
any of the cited references to combine the teachings of the references in order to create the 
recombinant antigens of the present invention. 

Lee et al., 7. Clin. Microbiol. 22:641-644 (1985), teach the use of purified 
herpes simplex virus type 2-specific glycoprotein (gG-2) in an immunodot enzymatic assay 
for the detection of HS V-2 antibodies in human serum. The gG-2 antigen used by Lee et 
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al (1985) was purified from HSV-2-infected HEp-2 cells using immunoaffinity 
chromatography columns containing anti-gG-2 mouse monoclonal antibodies. Lee et al. 

(1985) fail to disclose a recombinant gG-2 antigen. 

Leeetal., 7. Virol Methods 14:111-118 (1986), teach the purification of 
herpes simplex virus type 1 -specific glycoprotein (gG-1) using a mouse monoclonal 
antibody. Lee et al. (1986) fail to disclose a recombinant gG-1 antigen. 

Luckowet al., Bio/Technology 6:47-55 (1988), is a review article directed 
to baculovirus expression vectors. Luckow et al. describe numerous factors affecting the 
expression of foreign genes by, baculovirus vectors. Luckow et al. fail to teach the 
expression of HSV gG-1 or gG-2 antigens in baculovirus vectors and fail to suggest that 
HSV gG-1 and gG-2 antigens be expressed in baculovirus vectors. 

Matsuura et al., 7. Gen. Virol 68:1233-1250 (1987), teach that the 
polyhedrin gene promoter of Autographa calif ornica nuclear polyhedrosis virus (AcNPV) is 
useful for high level expression of a glycoprotein of lymphocytic choriomeningitis virus. 
Matsuura et al. fail to teach the expression of HSV gG-1 or gG-2 antigens in baculovirus 
vectors and fail to suggest that HSV gG-1 and gG-2 antigens be expressed in baculovirus 
vectors. 

The Examiner has provided no reference teaching the production of 
recombinant HSV gG-1 and gG-2 antigens using any vector. 

The claimed recombinant gG-1 and gG-2 antigens and naturally produced 
gG-1 and gG-2 antigens, such as those disclosed by Lee et al. (1985) and Lee et al. 

(1986) , are not equivalent. Recombinant HSV gG-1 and gG-2 antigens are structurally 
different from gG-1 and gG-2 antigens produced naturally by the herpes simplex virus 
types 1 and 2. As explained in Appellants' specification, the recombinant proteins are 
different in that they are differently glycosylated than the non-recombinantly produced 
glycoproteins. (See page 25, line 20 to page 26, line 7 of the present specification.) 
Therefore, by describing the gG-1 and gG-2 antigens as "recombinant" antigens, they are 
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by definition structurally different from the naturally-produced glycoprotein antigens 
described by Lee et al. (1985) and Lee et al. (1986). 

Structural differences between the claimed recombinant HSV gG-1 and gG- 
2 antigens and naturally produced gG-1 and gG-2 antigens are shown in Figures 3 and 4 of 
the scientific article by Sanchez-Martinez and Pellett, "Expression of HSV-1 and HSV-2 
Glycoprotein G in Insect Cells by Using a Novel Baculovirus Expression Vector," Virol. 
182:229-238 (1991) which was submitted by the Appellants during the prosecution of the 
present application. This article describes experimental data generated by the Appellants 
that was included in Figures 3 and 4 and on page 21, lines 3-16 and page 23, lines 19-30 
of the present specification. For example, Figure 3C of the Sanchez-Martinez and Pellett 
article provides an immunoblot analysis comparing the molecular weights of proteins 
extracted from Sf9 cells infected with the baculovirus vector AcDSMgG-1 containing the 
gG-1 gene (recombinant gG-1) with proteins extracted from HEp-2 cells infected with 
HSV-1 (non-recombinant gG-1). The recombinant gG-1 shows strong bands at 42 and 43 
kDa, whereas the non-recombinant gG-1 shows a smear between 50 and 57 kDa. 
Similarly, Figure 4D of the Sanchez-Martinez and Pellett article provides an immunoblot 
analysis comparing the molecular weights of proteins extracted from Sf9 cells infected with 
the baculovirus vector AcDSMgG-2 containing the gG-2 gene (recombinant gG-2) with 
proteins extracted from HEp-2 cells infected with HSV-2 (non-recombinant gG-2). The 
recombinant gG-2 shows distinct bands at 107, 118, 128 and 143 kDa, whereas the non- 
recombinant gG-2 shows a smear between 78 and 118 kDa. It is well understood by those 
skilled in the art that proteins having different immunoblot band patterns are considered 
structurally different. 

Furthermore, the claimed recombinant gG-1 and gG-2 antigens are 
produced in the absence of the other 80 herpes simplex virus proteins that are produced 
naturally by herpes simplex virus type 1 or herpes simplex virus type 2-infected 
mammalian cells. Nearly every gene encoded by herpes simplex virus type 1 has a genetic 
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counterpart in herpes simplex virus type 2, and the protein products of these homologous 
genes have significant antigenic cross-reactivity, except for gG-1 and gG-2. This is the 
basis of the unique utility of these proteins for use as antigens in the construction of HSV 
type-specific serologic assays. The claimed antigens are therefore much purer and less 
likely to be contaminated by HSV-type cross-reactive antigens than gG-1 and gG-2 
proteins produced by other means. Appellants submit that this purity is not just a matter of 
degree but rather one of kind. The ability to produce these type-specific HSV antigens in 
the complete absence of other non-type-specific HSV antigens gives the claimed antigens a 
new level of utility in the construction of HSV type-specific assays. 

In addition, the ability to produce these type-specific HSV antigens in the 
complete absence of other non-type-specific HSV antigens allows for greater quantities of 
the desired gG-1 and gG-2 antigens to be produced without any of the highly undesirable 
HSV proteins being produced. Thus, the production of these type-specific HSV antigens 
is much safer. 

Appellants have shown that the recombinant HSV gG-1 and gG-2 antigens 
are both purer and structurally different from the naturally produced HSV gG-1 and gG-2 
antigens of the prior art. Furthermore, Appellants have shown that, while Luckow et al. 
and Matsuura et al. disclose general advantages of baculovirus expression systems, none of 
the cited references contain a suggestion that recombinant HSV gG-1 and gG-2 be 
produced with the baculovirus expression system. Specifically, the references do not 
disclose the specific utility and safety advantages of producing type-specific HSV antigens 
in the absence of the multitude of non-type-specific HSV antigens. Therefore, Appellants 
submit that the claims of Group I and Group II are unobvious over the cited art by virtue of 
the limitation "recombinant." 
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IV . The gG-1 and gG-2 antigens of Group IL which are produced by 
use of the novel baculovirus. are patentably distinct from gG-1 or gG-2 antigens produced 
by use of other putative baculoviruses and unobvious over the cited references. 

A. The recombinant gG-1 and gG-2 antigens defined by the product- 
by-process limitation included in the claims of Group II are patentably distinct from gG-1 
or gG-2 antigens produced by use of other putative baculoviruses. 

The Examiner has cited art to argue that it would have been prima facie 
obvious for a skilled artisan to produce the HSV gG-1 or gG-2 antigens in a baculo virus 
expression system. Specifically, the Examiner has argued that it would have been obvious 
to one skilled in the art to produce the gG-1 and gG-2 proteins of Lee, et al. in the 
baculovirus expresion systems of Luckow, et al. and Matsuura, et al in further view of 
Krishna et al. 

Lee et al., 7. Clin, Microbiol 22:641-644 (1985), teach the use of purified 
herpes simplex virus type 2-specific glycoprotein (gG-2) in an immunodot enzymatic assay 
for the detection of HS V-2 antibodies in human serum. The gG-2 antigen used by Lee et 
al. (1985) was purified from HSV-2-infected HEp-2 cells using immunoaffinity 
chromatography columns containing the anti-gG-2 mouse monoclonal antibodies H966 and 
H1206. Appellants respectfully submit that Lee et al. (1985) fail to disclose a recombinant 
gG-2 antigen. 

Lee et al., J. Virol Methods 14:111-118 (1986), teach the purification of 
herpes simplex virus type 1 -specific glycoprotein (gG-1) using the mouse monoclonal 
antibody H1379-2. Appellants respectfully submit that Lee et al. (1986) fail to disclose a 
recombinant gG-1 antigen. 

Luckow et al., Bio/Technology 6:47-55 (1988), is a review article directed 
to baculovirus expression vectors. Luckow et al. describe numerous factors affecting the 
expression of foreign genes by baculovirus vectors including optimizing placement of the 

Page 9 



foreign gene within the transfer vector. Appellants respectfully submit that Luckow et al. 
fail to teach use of the vector pAcDSM, fail to teach insertion of the foreign gene precisely 
at the translation initiation codon of the polyhedrin gene, without either missing any 
nucleotide present in said initiation codon or introducing any extraneous nucleotide at the 
initiation codon site, and fail to teach or suggest expression of herpes simplex virus 
antigens. 

Matsuura et al., 7. Gen. Virol 68:1233-1250 (1987), teach that the 
polyhedrin gene promoter of Autographa californica nuclear polyhedrosis virus (AcNPV) is 
useful for high level expression of a glycoprotein of lymphocytic choriomeningitis virus. 
Matsuura et al. suggest that the synthesis is related to the integrity of the 5' non-coding 
region of the polyhedrin gene. 

In response, Appellants submitted evidence that their claimed proteins did, 
in fact, exhibit unexpected characteristics when compared to the gG-1 and gG-2 proteins 
that the Examiner argued were made obvious by the cited art. Specifically, Appellants 
provided the Declaration under 37 C.F.R. § 1.132 of Philip E. Pellett, a co-inventor of the 
present application. The Declaration states that Dr. Pellett and his colleagues designed 
several experiments to demonstrate differences between the claimed herpesvirus 
glycoprotein gG-1 produced using the novel recombinant baculovirus vector AcDSMgG-1 
and the herpesvirus glycoprotein gG-1 produced using the baculovirus vector Ac373'gG-l. 
The results of these experiments are best shown in the data published in the scientific article 
entitled "Expression of HSV-1 and HSV-2 Glycoprotein G in Insect Cells by Using a 
Novel Baculovirus Expression Vector," authored by Demetrio Sanchez-Martinez in 
Virology 182: 229-238 (1991), a copy of which was submitted during prosecution and is 
attached to this Brief in the Appendix. 

The novel baculovirus vector AcDSMgG-1 was constructed by effectively 
removing a nucleotide region from the pAcDSM transfer vector (between the Pst\ and 
HindUl restriction sites) and inserting in its place a synthetic oligomer followed by the 
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engineered gene as shown in Figure 1, Panel B of the Virology paper. As shown in Figure 
1, Panel C of the Virology paper (page 231), in the novel AcDSMgG-1 vector, the 
nucleotide sequence 5' to the translation initiation codon is identical to and aligns with that 
of wild type AcNPV (polyhedrin), whereas the Ac373'gG-l vector includes 21 extraneous 
nucleotides. By constructing a vector in this way, the novel baculovirus transfer vector 
pAcDSM joins the herpes simplex virus type 1 glycoprotein gene (or type 2 glycoprotein 
gene) precisely at the translation initiation codon of the polyhedrin gene. 

This evidence of patentable distinction proffered by the Appellants to show 
that the claimed product is patentable over other proteins produced in baculovirus 
expression systems can be classified into two categories. First, Appellants have presented 
evidence to demonstrate that the claimed product can be isolated in pure form due to the 
higher expression of the process used to produce the claimed product. Second, Appellants 
have submitted evidence to demonstrate structural differences between the claimed product 
and proteins generated by other baculovirus expression systems. 

1. The claimed gG-1 and gG-2 antigens defined by the product-by- 
process limitation are purer than gG-1 and gG-2 antigens produced by other putative 
baculovirus vectors. 

As discussed above, the claims of Group II are directed to recombinant 
HSV gG-1 and gG-2 antigens produced from a novel baculovirus vector. The claimed 
recombinant antigens are produced in greater quantities thereby yielding a purer product 
than recombinant gG-1 and gG-2 antigens produced using alternative baculovirus systems 
such as the pAc373 baculovirus system. 

Panel B of Figure 2 is a photograph of a slot-blot analysis of serial dilutions 
of gG-1 expressed in Sf9 cells by vectors Ac373'gG-l and AcDSMgG-1. The dilution 
factor is shown to the right. Cell extracts similar to those used in Panel A were four-fold 
serially diluted in phosphate-buffered saline, bound to a nitrocellulose membrane using a 
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slot-blot apparatus, and reacted with the gG-1 -specific monoclonal antibody used in Panel 
A (H1379). As can be clearly seen in the slot-blot, immunoreactive protein diluted by a 
factor of 64 was detected in the cell extracts produced by the novel baculovirus vector 
AcDSMgG-1, whereas immunoreactive protein produced by the Ac373'gG-l vector was 
only detectable up to a dilution factor of 16. Therefore, the level of expression of gG-1 by 
the baculovirus vector AcDSMgG-1 was approximately four-fold greater than the level of 
gG-1 expression by the Ac373'gG-l vector. It is well known by those skilled in the art 
that a recombinant protein produced at a higher level of expression provides a purer 
product. Thus, gG-1 and gG-2 antigens produced by the novel baculovirus vector recited 
in the product-by-process limitation can be isolated in a much purer form than gG-1 and 
gG-2 antigens produced by other putative baculovirus vectors. 

Purity is highly relevant to and especially important for the utility of 
antigens. The ability to use an antigen in a diagnostic assay depends upon the purity of the 
antigen. If an antigen lacks purity, it may be useless in diagnostic assays because of false 
positive signals caused by the binding of antibodies to impurities. HSV gG-1 and gG-2 
antigens are especially useful in diagnostic assays because they are unique to type-1 and 
type-2 HSV, respectively. Therefore, an increase in the purity of the recombinant antigens 
produced by the process recited in the claims of Group II increases their utility. This 
increased purity over HSV gG-1 and gG-2 antigens produced by other putative baculovirus 
vectors makes the claimed antigens produced by the recited baculovirus vector patentably 
distinct from the antigens produced by other putative baculovirus vectors. 

2. The gG-1 and gG-2 antigens defined by the product-by-process 
limitation are structurally different than gG-1 and gG-2 antigens produced by other putative 
baculovirus vectors. 

It was unexpectedly discovered that the novel baculovirus vector 
AcDSMgG-1 not only produces more glycoprotein than the Ac373'gG-l vector, indicating 
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a higher level of expression, but the novel baculovirus vector produces proteins having 
different electrophoretic band patterns than produced from the Ac373'gG-l vector, 
indicating that the recombinant proteins are structurally different. These observations are 
explained on page 233, left column, first full paragraph, of the Virology paper, which is 
reproduced as follows: 

Expression of the recombinant gG-l's differed in 
two respects, (i) The intensity of the reaction with both 
antibodies was higher in extracts of cells infected with 
AcDSMgG-1 than with Ac373'gG-l (Fig. 2A). (ii) In 
extracts of Sf9 cells infected with AcDSMgG-1, 42K reacted 
more than 37K. In extracts of Sf9 cells infected with 
Ac373'gG-l, the opposite was true, with 42K being very 
faint. 

These results are best shown in Figure 2 of the Virology paper (page 233). 
Panel A of Figure 2 shows photographs of two electrophoretic gels. The gel on the left 
was reacted with antibodies from human serum identified as HSV-1 positive and HSV-2 
negative. The gel on the right was reacted with a monoclonal antibody specific for gG-1 
(HI 379). The left two lanes of each gel represent SDS-PAGE separations of the 
glycoprotein products of vector Ac373'gG-l and novel vector AcDSMgG-1, respectively, 
with molecular mass standards shown on the left side of each gel. The remaining two lanes 
of each gel are controls. 

In both the human serum reactive and the monoclonal antibody reactive 
gels, the glycoprotein product of vector Ac373'gG-l shows a high intensity band at 
approximately 37 kDa and a low intensity band at 42 kDa. In contrast, the glycoprotein 
product produced by the novel vector AcDSMgG-1 shows a very high intensity band at 
approximately 42 kDa and a lower intensity band at approximately 37 kDa. It is interesting 
to note that the 37 kDa bands for both the Ac373'gG-l and AcDSMgG-1 have similar 
intensities, demonstrating that the differences in intensities for the 42 kDa band are due to 
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physical differences in the proteins rather than the overall increase in expression by the 
AcDSMgG-1 vector. 

In conclusion, the data described above clearly demonstrate that the 
glycoprotein gG-1 produced from the novel baculovirus vector AcDSMgG-1 is physically 
different from the gG-1 glycoprotein produced by the baculovirus vector Ac373'gG-l. In 
addition, the level of expression of gG-1 by the novel baculovirus vector AcDSMgG-1 is 
significantly higher, thereby resulting in a purer product. 

Current law, as reflected by MPEP § 21 13, allows patent applicants to claim 
their invention using product-by-process claims. One of the reasons product-by-process 
are acceptable is to allow inventors to claim their inventions even when the exact structure 
of the product cannot be shown. Patent appplicants in these cases merely have to show that 
their product is patentably distinct over the prior art products. By refusing to accept the 
proffered evidence of patentable distinctions and by continuing to require that Appellants 
submit exact structures of the products of the invention, the Examiner is essentially 
refusing to allow Appellants to claim their invention by way of product-by-process claims. 

B. The novel baculovirus vector recited in the product-by-process 
limitation present in the claims of Group II is unobvious over the cited references. 

The Examiner argued that it would have been obvious to one skilled in the 
art at the time the invention was made to construct a baculovirus vector meeting the 
requirements recited in the product-by-process limitation present in the claims of Group II. 
However, the cited references do not make the novel baculovirus obvious. A combination 
of the cited references with the knowledge and ability of one of ordinary skill would not 
have been enough to produce the novel baculovirus vector. The teachings of the references 
combined with the knowledge of one of ordinary skill in the art at the time the invention 
was made would have been insufficient. 
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None of the cited references, alone or in combination, teach how to 
construct the baculovirus vector recited in the product-by-process limitation present in the 
claims of Group II. The mere suggestion by Matsuura et al. of the problem to be solved, 
namely constructing a plasmid that faithfully reproduces a 5' nontranslated polyhedrin 
leader sequence, is nothing more than a wish or a desire for a result. Such a desire or wish 
is legally insufficient without a disclosure of the means to carry out the invention. See 
Hvbritech. Inc. v. Monoclonal Antibodies. Inc. . 801 F.2d 1367, 231 U.S.P.Q. 81 (Fed. 
Cir. 1986) (Invitations to try to accomplish something do not show obviousness since they 
"do not suggest how that end might be accomplished."). 

Matsuura et al. do not teach or suggest a way to accomplish the solution 
provided by the present specification. In fact, Matsuura et al. disclose 12 plasmids 
(including pAc373 of Smith et al.) with different 5' nontranslated leader sequences, but 
none that succeeded in precisely replicating the 5' nontranslated sequence and translation 
initiation codon of the wild-type baculovirus. Thus, Matsuura et al., after disclosing an 
incentive to obtain the presently recited baculovirus vector and numerous examples of 
failed attempts, could not provide a way to make pAcDSM, because, until the disclosure of 
the present specification, it was not obvious how to accomplish that goal. Moreover, the 
very reference which the Examiner alleges to provide motivation could not overcome the 
scientific hurdles to produce that which was desired and which appellants have provided. 

The case law is clear that an Examiner cannot use hindsight based on the 
applicant's own teaching of the invention to fill in the gaps in the prior art. See In re 
Gorman . 933 F.2d 982, 18 U.S.P.Q.2d 1885, 1888 (Fed. Cir. 1991) ("[I]t is 
impermissible ... simply to engage in a hindsight reconstruction of the claimed invention, 
using the applicants' structure as template in selecting elements from references to fill in the 
gaps."). 

The case law is very clear that a teaching to form a basis of an obvious 
rejection must be in the cited references. See In re Dow Chemical Co. . 837 F.2d 469, 5 
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U.S.P.Q. 2d 1529, 1531 (Fed. Cir. 1988) ("The consistent criterion for determination of 
obviousness is whether the prior art would have suggested to one of ordinary skill in the 
art that this process should be carried out and would have a reasonable likelihood of 
success, viewed in the light of the prior art ... Both the suggestion and the expectation of 
success must be found in the prior art, not in the applicant's disclosure."). See also 
Northern Telecom, Inc. v. DataPoint Corp. . 908 F.2d 931, 15 U.S.P.Q.2d. 1321, 1344 
(Fed. Cir. 1990) ("Whether the changes from the prior art are 'minor', ... the changes 
must be evaluated in terms of the whole invention, including whether the prior art provides 
any teaching or suggestion to one of ordinary skill in the art to make the changes that 
would produce the patentees' [invention]."). Such a specific teaching is simply not to be 
found in the cited references. 

In addition, another key fact missing from the Examiner's argument is that 
all the tools to carry out the claimed invention are not in the cited art or the prior art 
generally. Appellants had to synthesize and utilize reagents not available to the skilled 
artisan in order to make the plasmid necessary for the construction of the presently recited 
baculovirus vector. More specifically, the specific plasmid pAcDSM can be used as a 
transfer vector to insert a foreign gene precisely at the translation initiation codon of the 
polyhedrin gene, without either missing any nucleotide present in the initiation codon or 
introducing any extraneous nucleotide at the initiation codon site. The plasmid pAcDSM, 
as defined in the specification, contains a specific nucleic acid, the creation of which 
required the generation of a novel synthetic oligonucleotide (V78) not suggested by the 
cited references. V78 is a 32 base pair (excluding overhang) double stranded synthetic 
oligonucleotide devised by the inventors to include 6 restriction sites to be used in the 
inventors' scheme for designing a plasmid that could receive a foreign gene immediately 
downstream of the translation initiation codon while maintaining the native 5* nontranslated 
leader sequence. Not only did V78 have to be devised to accommodate insertion of a 
foreign gene precisely downstream of a translation initiation codon, but it also had to be 
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constructed so that it could be inserted into a plasmid containing the polyhedrin promoter 
without disrupting any other sequences in the 5' nontranslated leader sequence of the 
promoter. The inventors then used V78 in combination with known restriction enzymes in 
a series of many steps not suggested in any of the cited references to provide a site in 
pAcDSM for foreign gene insertion, which resulted in a recombinant baculovirus having 
the characteristics set forth in the claims of Group II. Thus, where others had failed, 
Appellants designed a novel oligonucleotide which was an important step in achieving the 
claimed recombinant antigens. 

Additionally, the amount of experimentation required to make the invention 
should be considered to make a case of obviousness. In re Dow Chemical Co. , 5 
U.S.P.Q.2d 1529 (Fed. Cir. 1988); Westnofa USA v. Whole Life Co.. Inc.. 3 
U.S.P.Q.2d 1352, 1354, 1355 (D.C. Massachusetts, 1987) ("The significant resources 
devoted to developing this ... [invention] ... and the fact that development extended over 
three years support an inference that this invention was not obvious. The substantial efforts 
made by the inventors also indicate that the invention was not easily made by one skilled in . 
the art."). Also, by inference from the enablement context, it is clear that an invention, 
should not be considered obvious if the amount of experimentation required to obtain it 
was undue experimentation. Hybritech. Inc. v. Monoclonal Antibodies. Inc. . 231 
U.S.P.Q. 81, 94 (Fed. Cir. 1986) : Amgen Inc. v. Chugai Pharmaceutical Co.. Ltd. , 18 
U.S.P.Q.2d 1016, 1023 (Fed. Cir. 1991) (In supporting the lower court's conclusion that 
the subject invention was unobvious, the court noted the testimony of an expert to the effect 
that "it would have been 'difficult' to find the gene." The lower court had found that "no 
one had successfully screened a genomic library using fully degenerate probes of such high 
redundancy as the probes used by [the inventor]"). 

Since the early years of the use of the polyhedrin promoter and especially 
since the articulation by Matsuura in 1987 of the purported advantages of maintaining the 
native promoter arrangement, the need for the present invention has clearly been felt in the 
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art. In the rapidly expanding commercial and scientific fields of recombinant proteins, 
given the importance of the molecular biological tool provided by the present invention 
during the many years prior to the present invention, this need was long felt and unsatisfied 
until the disclosure by Appellants in the present specification. 

V. Conclusion 

For the reasons argued herein, Appellants request that the Examiner's 
rejection be reversed and the pending claims be allowed. 



JONES & ASKEW, LLP 
37th Floor 

191 Peachtree Street, N.E. 
Atlanta, Georgia 30303-1769 
(404) 818-3700 
Atty Docket: 03063-0111 



Respectfully submitted, 
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CLAIMS ON APPEAL 

7. Pure recombinant herpes simplex virus gG-1 antigen produced by 
employing a recombinant baculovirus having the 5' nontranslated leader sequence of the 
polyhedrin gene joined to the coding region of a foreign gene precisely at the translation 
initiation codon of the polyhedrin gene, without either missing any nucleotide present in 
said initiation codon or introducing any extraneous nucleotide at the initiation codon site, 
wherein said foreign gene is herpes simplex virus type 1 glycoprotein gene. 

8. Pure recombinant herpes simplex virus gG-2 antigen produced by 
employing a recombinant baculovirus having the 5' nontranslated leader sequence of the 
polyhedrin gene joined to the coding region of a foreign gene precisely at the translation 
initiation codon of the polyhedrin gene, without either missing any nucleotide present in 
said initiation codon or introducing any extraneous nucleotide at the initiation codon site, 
wherein said foreign gene is herpes simplex virus type 2 glycoprotein gene. 

16. A composition comprising pure recombinant baculovirus expressed herpes 
simplex virus gG-1 antigen or herpes simplex virus gG-2 antigen in a pharmaceutically 
acceptable carrier. 

17. The composition of Claim 16, wherein the recombinant baculovirus has the 
5' nontranslated leader sequence of the polyhedrin gene joined to the coding region of a 
herpes simplex virus type 1 or type 2 glycoprotein gene precisely at the translation initiation 
codon of the polyhedrin gene, without either missing any nucleotide present in the initiation 
codon or introducing any extraneous nucleotide at the initiation codon site. 

18. The composition of Claim 16, wherein the recombinant herpes simplex 
virus gG-1 antigen has a molecular weight selected from the group consisting of 
approximately 42 kDa, 43 kDa, and combinations thereof. 
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19. The composition of Claim 16, wherein the recombinant herpes simplex 
virus gG-2 antigen has a molecular weight selected from the group consisting of 
approximately 107 kDa, 1 18 kDa, 128 kDa, 143 kDa, and combinations thereof. 

20. The composition of Claim 7, wherein the recombinant herpes simplex virus 
gG-1 antigen has a molecular weight selected from the group consisting of approximately 
42 kDa, 43 kDa, and combinations thereof. 

21. The composition of Claim 8, wherein the recombinant herpes simplex virus 
gG-2 antigen has a molecular weight selected from the group consisting of approximately 
107 kDa, 1 18 kDa, 128 kDa, 143 kDa, and combinations thereof. 
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Expression of HSV-1 and HSV-2 Glycoprotein G in Insect Cells 
by Using a Novel Baculovirus Expression Vector 
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Herpes simplex virus types 1 and 2 (HSV-1 and HSV-2) glycoprotein G (gG-1 and gG-2) were expressed in insect cells 
from recombinant baculoviruses (AcDSMgG-1 and AcDSMgG-2, respectively) constructed using a novel baculovirus 
transfer vector, pAcDSM. This vector allows the coding region of a foreign gene to be precisely linked to the baculo- 
virus polyhedrin gene at the translation initiation site and retains the native polyhedrin translation initiation environ- 
ment. Fourfold more gG-1 , with a higher ratio of glycosylated to unglycosylated product, was produced by AcDSMgG-1 
than by Ac373'gG-1, a recombinant baculovirus which differs from AcDSMgG-1 by the presence of 21 extraneous 
nucleotides in the 5' nontranslated sequence. gG-1 and gG-2 expressed in recombinant baculovirus-infected insect 
cells undergo cotranslational N-linked glycosylation, but the overall processing of the proteins differs from that ob- 
served in HSV-1- or HSV-2-infected cells. Despite these differences, baculovirus-expressed gG-1 and gG-2 were 
recognized in a HSV type-specific manner by human serum specimens. © 1991 Academic Press, inc. 



INTRODUCTION 

Herpes simplex virus type 1 (HSV-1) and herpes sim- 
plex virus type 2 (HSV-2) are genetically very similar 
(Kieff et al. t 1972; Ludwig etaL, 1972), resulting in ex- 
tensive antigenic cross-reactivity (reviewed by Nah- 
mias and Dowdle, 1968; and Honess and Watson, 
1 977). This cross-reactivity has resulted in many sero- 
logic tests for distinguishing prior infection with HSV-1 
from that with HSV-2 being laborious as well as fre- 
quently inconclusive, particularly with specimens con- 
taining antibodies to both viruses (Nahmias et al. t 
1970). 

The identification of glycoprotein G as a type-spe- 
cific antigen (gG-1) (Ackermann et aL, 1986; Richman 
etaL, 1986) (and gG-2) (Roizman etaL, 1984;Marsden 
etaL, 1 984) allowed the development of accurate type- 
specific serologic assays (Lee etaL, 1985, 1986; Nah- 
mias et aL, 1986; Ashley et aL, 1988). Studies using 
these assays have clearly demonstrated the accuracy 
that can be obtained using reactivity with gG-1 and 
gG-2 as the basis for the assay, but because of difficul- 
ties in preparing and standardizing reagents, the tests 
have been performed routinely in few laboratories. To 
obtain abundant supplies of well-characterized antigen 
for use in serologic tests and in studies of the host 
immune response to gG, and to bypass large-scale 
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culturing of pathogenic agents, we have expressed 
gG-1 and gG-2 in the baculovirus expression system 
(reviewed by Luckow and Summers, 1 988). 

Although high levels of gene expression have been 
obtained using the baculovirus system, in only a few 
cases has the level of gene expression approached 
that of native polyhedrin. Kozak (1 981) has shown that 
sequences immediately surrounding the translation ini- 
tiation site can have a profound effect on the efficiency 
of translation initiation. We hypothesized that at least 
some of the differences in the level of gene expression 
between native polyhedrin and foreign genes inserted 
in its place may be due to missing or extraneous nu- 
cleotides in the vicinity of the translation initiation co- 
don in vectors currently in use (Smith etaL, 1 985; Mat- 
suura et aL, 1 987; Luckow and Summers, 1 989). Thus 
the most efficient expression of a foreign gene in this 
system might occur if the native polyhedrin sequences 
controlling regulation of transcription and translation 
embedded in the 5' nontranslated leader sequence 
were unaltered and joined to the coding region of the 
foreign gene precisely at the translation initiation site, 
with no missing or extraneous nucleotides. 

We describe in this report (i) the creation of a baculo- 
virus transfer vector that fulfills the above require- 
ments, (ii) its application for the construction of recom- 
binant baculoviruses expressing gG-1 and gG-2 in in- 
sect cells, and (iii) the characterization and type 
specificity for HSV antibodies in human serum speci- 
mens of baculovirus-expressed gG-1 and gG-2. 
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MATERIALS AND METHODS 

Cells and viruses 

Wild-type and recombinant AcNPV were grown and 
assayed in a continuous ovarian cell line (Sf9) derived 
from Spodoptera frugiperda (fall armyworm), as 
previously described (Summers and Smith, 1987). Sf9 
cells (ATCC No. CRL 1711) were obtained from the 
American Type Culture Collection (Rockville, MD). 
Wild-type AcNPV and the gene transfer vector pAc373 
(Smith etal. t 1985) were obtained from Dr. Max Sum- 
mers, Texas A&M University (College Station, TX). 
HSV-1(F) and HSV-2(G) (Ejercito etaL, 1968) were ob- 
tained from Dr. Bernard Roizman, University of Chi- 
cago (Chicago, IL) and grown and propagated as de- 
scribed (Morse et al., 1 977). Monoclonal antibodies 
specific for gG-1 (H1379)(Leeefa/., 1986) and specific 
for gG-2 (H1 206) (Lee et al., 1 985) were obtained from 
Dr. Lenore Pereira, University of California, San Fran- 
cisco (San Francisco, CA). 

DNA manipulations 

DNA manipulations were carried out essentially as 
described (Maniatis etaL, 1982). Restriction endonu- 
cleases and T4 DNA polymerase were purchased from 
New England BioLabs (Beverly, MA), mung bean exo- 
nuclease from Pharmacia LKB Biotechnology Inc. 
(Piscataway, NJ), and T4 DNA ligase from Boehringer- 
Mannheim Biochemicals (Indianapolis, IN). Oligonucle- 
otides were synthesized in a Model 380 DNA synthe- 
sizer from Applied Biosystems (Foster City, CA). 

Construction of modified gene transfer vectors 

pPP-2. pPP-1 was constructed by digesting pUC8 
(Vieira and Messing, 1982) with Nar\ and filling in the 
overhanging 5' nucleotides using T4 DNA polymerase, 
followed by self-ligation, resulting in the elimination of 
the Nar\ site. A synthetic oligoduplex AB (Fig. 1 A) was 
ligated between the fcoRI and the Hin6\\\ sites of pPP- 
1, to obtain pPP-2. This vector can be used to con- 
struct gene fusions at any of the three reading frames 
by using blunt-end ligations at the appropriate site. The 
fused gene would then be removed from the vector by 
digestion at the flanking EcoRI and Hin6\\\ sites and 
inserted into a baculovirus transfer vector such as 
pAc373 at the desired site, using blunt ends if neces- 
sary. 

pAcDSM. pAc373 was digested to completion with 
Sail and Kpn\. The DNA fragment spanning the region 
between 3.18 and 4.43 kilobase pairs (kbp) in the coor- 
dinate system of Summers and Smith (1 987) was puri- 
fied from agarose and inserted into pUCl9 (Norrander 
etaL, 1 983) that had previously been digested with the 



same enzymes. The resulting plasmid (pDMl) was lin- 
earized by digestion with Ava\. After PEG precipitation 
(Sadhu and Gedamu, 1988), 5' overhanging nucleo- 
tides were removed by digestion with 150 units of 
mung bean exonuclease/^g of DNA to obtain blunt 
ends, followed by Kpn\ digestion. A synthetic oligodu- 
plex, V78 (Fig. 1 A), was inserted between the Kpn\ site 
and the blunt end (nucleotide -9 of the 5' leader se- 
quence of the. polyhedrin gene) of pDM1 to obtain 
pDM2. The fidelity of the construct was checked by 
nucleotide sequencing using primers flanking the 
cloned fragment. pDM2 was digested with EcoRV and 
Kpn\. The resulting 1 18-bp fragment was ligated to 
pAc373 previously digested with the same enzymes to 
obtain the transfer vector pAcDSM. 

In order to use pAcDSM, it is digested with Psfl, 
treated with T4 DNA polymerase to trim the 3' over- 
hanging nucleotides to a blunt-ended C at position -9 
of the polyhedrin 5' nontranslated leader sequence, 
and then digested at another restriction site in the poly- 
linker using an enzyme which generates a cohesive 
terminus, allowing for efficient directional insertion of a 
foreign gene (Fig. 1 B). The foreign gene is modified for 
compatibility with the vector by assembling a segment 
of DNA containing, from 5' to 3', the nucleotides -8 to 
-1 of the 5' nontranslated leader sequence of the poly- 
hedrin gene, the translation initiation codon, the cod- 
ing region of the foreign gene, the downstream region 
through the polyadenylation signal, and a unique re- 
striction site compatible with one in the transfer vec- 
tor's polylinker. Segments of DNA containing these 
features can be constructed by using standard cloning 
techniques and synthetic oligonucleotides as was 
done here, by total synthesis using long synthetic oligo- 
nucleotides, or by using the polymerase chain reaction 
(Saiki et al. t 1985) with appropriately tailed primers. 
When the modified segment of DNA is inserted into 
pAcDSM prepared as described above, the C in posi- 
tion -9 of the polyhedrin 5' nontranslated leader se- 
quence is linked to the first nucleotide of the modified 
gene (C in position -8), regenerating the 5' leader se- 
quence of the polyhedrin gene. 

Cloning gG-1 and gG-2 into baculovirus transfer 
vectors 

For convenience, the nucleotide sequence coordi- 
nates reported for the genomic sequence of HSV-1 
strain 17 (McGeoch et al., 1988) and for the Hinti\\\ L 
fragment of HSV-2 strain HG52 (McGeoch et al., 1 987) 
are used throughout this paper. HSV-1 strain F (HSV- 
1(F)) and HSV-2 strain G (HSV-2(G)) DNAs were sepa- 
rately digested to completion with BamYW and shotgun 
cloned into pUCl9. Plasmids carrying HSV-1(F) BamYW 
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Fig. 1 . (A) Synthetic oligomers used in the construction of the baculovirus gene transfer vectors and the gG-1- and gG-2-expressing recombi- 
nant baculoviruses. Oligoduplex AB was used in the construction of pPP-2, oligoduplex V78 for pAcDSM, oligoduplex SR34 for AcDSMgG-1 , 
and oligoduplex D34 for AcDSMgG-2. Relevant restriction endonuclease sites are indicated. (B) Schematic representation of the method of 
inserting a foreign gene into the transfer vector pAcDSM. (C) Comparison of nucleotide sequences in the 5' nontranslated region of the wild-type 
baculovirus (AcNPV) and the recombinant viruses Ac373'gG-1 and AcDSMgG-1, Extraneous nucleotides relative to the wild-type polyhedrin 
sequence are boxed. The a preceding the initiation codon in Ac373'gG-1 was incorporated into the construct based on a published sequence 
{Hooft Van Iddekinge et a/., 1983) later found to be in error {Howard et at., 1986). 



J(pH1F-110, nucleotides 136,285 to 142 t 742) and 
HSV-2(G) BamH\ L (pH2G-1 12, nucleotides 2356 to 
6894) fragments, which contain the intact gG-1 and 
gG-2 genes, respectively, were used as the starting 
point for engineering the genes for compatibility with 
the transfer vectors. 

gG-1 insertion into pPP-2. pH1F-110 was digested 
with Sph\ to remove nucleotides 137,617 to 142,742 
of the HSV-1 fragment (removing two of the three Nar\ 
sites in the insert) and ligated to itself. The resulting 
plasmid (pMF-1001) was digested with Nar\ and reli- 
gated to itself, deleting nucleotides 136,285 to 
136,749 and a small portion of the vector, resulting in 
pH1F-1002. This plasmid was digested with Nar\ and 
Mrtdlll, and the 873-bp fragment carrying the nearly 
complete gG-1 gene (nucleotides 136,749 to 137,622) 
was ligated to plasmid pPP-2, which had previously 
been digested with Nar\ and Hin6\\\. The resulting plas- 
mid (pH1F-101 1) was digested with EcoRI and W/ndlll. 
The fragment containing the modified gG-1 gene was 
purified from an agarose gel, made blunt-ended with 
T4 DNA polymerase, and ligated to pAc373, which had 
been digested with BamH\ and made blunt-ended by 
treatment with T4 DNA polymerase. A plasmid con- 
taining the gG-1 gene inserted in the proper orientation 
was designated pAc373'gG-1 . 



gG-1 insertion into pAcDSM. The 871 -bp fragment 
between the Narl and the Sph\ sites of pH1 F-1 002 (nu- 
cleotides 136,749 to 137,620), carrying the nearly 
complete gG-1 gene, was ligated to pUCl8 that had 
previously been digested with the same enzymes. The 
resulting plasmid, pSR1, was digested with A/ctel and 
flamHI, producing a 944-bp fragment that was ligated 
to pUC9 that had been previously digested with the 
same enzymes, resulting in pSR3. A synthetic oligodu- 
plex, SR34 (Fig. 1 A), was ligated between the Ssp\ and 
the Nar\ sites of pSR3. The resulting construct, plas- 
mid pSR5, was successively incubated with Kpnl, T4 
DNA polymerase, and BamHl and ligated with the vec- 
tor pAcDSM that had previously been successively 
reacted with Pst\, T4 DNA polymerase, and BamH\. 
The resulting plasmid was designated pAcDSMgG-1. 

gG-2 insertion in pAcDSM, pH2G-1 1 2 was digested 
with BamYW and PvuW to obtain a 3779-bp fragment, 
(nucleotides 2356 to 61 35) that was purified from aga- 
rose and ligated with pUCl9 that had been digested 
with BamH\ and Ssp\. The resulting plasmid, pDSl, 
was digested with Pst\ and Hin6\\\ and ligated with a 
synthetic oligodupex, D34(Fig. 1 A), to generate pDS2. 
The 1316-bp fragment (nucleotides 2515 to 3831) re- 
sulting from digesting pH2G-1 12 with HincW was puri- 
fied from agarose and successively reacted with BstN\, 
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T4 DNA polymerase, and Sty\. The resulting 161-bp 
fragment (nucleotides 2859 to 3020) was purified from 
agarose and then ligated to pDS2, which had 
previously been successively incubated with Pst\, T4 
DNA polymerase, and Sfyl. The resulting plasmid, 
"pDS6, was digested with Ssp\ andXho\ and ligated to 
an agarose-purified 2148-bp fragment obtained by di- 
gesting pH2G-1 12 with Ssp\ and Xho\ (nucleotides 
2983 to 5131). The resulting plasmid, pDS7, was di- 
gested with Hind\\\ and Xho\. The resulting 231 1-bp 
fragment (carrying the complete gG-2 gene plus flank- 
ing plasmid-derived sequences) was ligated with pUC9 
that had been digested with Hind\\\ and Sail. The re- 
sulting plasmid, pDS8, after successive reactions with 
Kpn\, T4 DNA polymerase, and BamH\, was ligated 
with pAcDSM that had been successively reacted with 
Pst\, T4 DNA polymerase, and BamH\ to obtain 
pAcDSMgG-2. 

Transfection and selection of recombinant 
baculoviruses 

Procedures for transfection, selection of recombi- 
nant baculoviruses, and virus titration were performed 
as described (Summers and Smith, 1987). Recombi- 
nant viruses were plaque purified at least five times. 
Proper insertion of the transferred genes into the bacu- 
lovirus genome was confirmed by blot hybridization 
analysis of the recombinant virus genomes (data not 
shown). 

Protein analysis by immunoblots 

Sf9 cells were grown either in Hink's medium supple- 
mented with 10% fetal calf serum according to the 
method of Summers and Smith (1 987) or in serum-free 
medium (Excell 400, J. R. Scientific, Woodland, CA) 
and infected with recombinant or wild-type baculovi- 
ruses at a multiplicity of infection of 10 PFU/cell in 25- 
cm 2 flasks at 27°. After 1.5 hr, the inoculum was re- 
moved and replaced with fresh medium. At the appro- 
priate times postinfection, the cells were scraped from 
the flask and harvested by centrifugation for 10 min at 
1 500 g at 4° . The pellet was resuspended in disruption 
buffer (5.7 M urea, 2.8% SDS, and 1.8 M 2-mercap- 
toethanol), sonicated for 30 sec (output control 4, duty 
cycle 50%) in a cup horn sonicator (Model W-375, Heat 
Systems-Ultrasonic, Inc., Farmingdale, NY), and 
heated for 3 min at 95°. Proteins were separated by 
electrophoresis in polyacrylamide gels (Laemmli, 
1 970) (acrylamide to bis-acrylamide ratio of 37.5: 1 ) and 
then electrically transferred onto nitrocellulose paper 
(BA85, Schleicher and Schuell) (Towbin et al., 1979) 
using 0.1% SDS in the transfer buffer. Blots were incu- 
bated for 1 hr in blotto (5% skim milk, 0.01 IW phos- 



phate-buffered saline, pH 7.4, and 0.05% Tween 20) 
and then incubated for 1 hr in fresh blotto containing 
the appropriate dilution of either human serum or 
monoclonal antibody. After three 10-min washes in 
0.05% Tween 20 in phosphate-buffered saline, blots 
were incubated with alkaline phosphatase-conjugated 
goat anti-human or alkaline phosphatase-conjugated 
goat anti-mouse IgG (Bio-Rad Laboratories, Rockville 
Centre, NY) ia0.05% Tween 20 in phosphate-buffered 
saline for 2 hr, washed three times for 1 0 min with the 
same buffer, and developed with p-nitro blue tetrazo- 
lium chloride and 5-bromo-4-chloro-3-indolyl phos- 
phate p-toluidine salt (Bio-Rad) according to the ven- 
dor's protocol. 

RESULTS 

Vector construction 

Two gene transfer vectors were constructed, pPP-2, 
which incorporates nucleotides -7 to -1 of the 5' non- 
translated leader sequence of the polyhedrin gene 
missing in the widely used transfer vector pAc373 
(Smith et aL, 1985) but which results in recombinant 
baculoviruses containing 21 extraneous nucleotides in 
this region, and pAcDSM, which allows the construc- 
tion of recombinant baculoviruses with the 5' nontrans- 
lated leader sequence of the polyhedrin gene joined 
precisely to the coding region of the foreign gene at the 
translation initiation codon, with no missing or extrane- 
ous nucleotides. pPP-2 was constructed early in the 
course of these studies. It is awkward to use and offers 
few advantages relative to other currently available 
vectors. Its description is included here because it was 
used to construct the recombinant baculovirus 
Ac373'gG-1. 

Construction of recombinant baculoviruses 
expressing gG-1 and gG-2 

As described under Materials and Methods, recom- 
binant baculoviruses Ac373'gG-1 andAcDSMgG-1 ex- 
pressing gG-1 were constructed using pPP-2 in con- 
junction with pAc373 and pAcDSM, respectively. The 
nucleotide sequence in the vicinity of the translation 
initiation codon of these viruses is shown in Fig. 1C. A 
recombinant baculovirus expressing gG-2, AcDSMgG- 
2, was created using pAcDSM. 

Synthesis and processing of baculovirus-expressed 
gG-1 

Replica immunoblots of extracts from recombinant- 
infected, wild-type-infected, or uninfected Sf9 cells 
were reacted with either a human serum specimen 
that had been identified as HSV-1 -positive and 
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Human serum Monoclonal antibody 



Fig. 2. Reaction of baculovirus-expressed gG-ls with antibodies. (A) Proteins extracted at 100 hr p.i. from equal numbers of Ac373'gG-l-, 
AcDSMgG- 1-, and AcNPV-infected or uninfected Sf9 cells were separated by SDS-PAGE in 1 1% gels, transferred to nitrocellulose membranes, 
and then tested with the indicated antibodies. The positions of the molecular mass standards are shown on the side of each panel, (phosphory- 
lase B, 97.4 kDa; bovine serum albumin, 66.2 kDa; ovalbumin, 42.7 kDa; and carbonic anhydrase, 31 kDa). The apparent molecular mass of 
gG-1 -related species (arrows) is indicated. (B) Quantitative comparison of the amount of gG-1 expressed in Sf9 cells by the recombinants 
Ac373'gG-1 and AcDSMgG- 1 . Cell extracts similar to those used in A were fourfold serially diluted in 0.0 1 M phosphate-buffered saline, pH 7.4, 
bound to a nitrocellulose membrane using a slot-blot apparatus, and_ reacted with gG-1 -specific monoclonal antibody (H1 379). 



HSV-2-negative using an HSV type-specific indirect 
hemagglutination assay (IHA) (Bernstein and Stewart, 
1971) or a monoclonal antibody specific for gG-1 
(H 1 379) (Lee etal., 1 986) (Fig. 2A). None of the antibod- 
ies reacted with proteins in the lanes containing pro- 
teins from AcNPV-infected or uninfected cells, except 
for a weak reaction between some human serum speci- 
mens and polyhedrin in AcNPV-infected cells. The pat- 
tern of reactivity with both antibodies was identical in 
the lanes containing the gG-1 recombinant-infected 
cell extracts (lanes Ac373'gG-1 and AcDSMgG- 1). The 
major reacting bands appeared at 37 and 42 kDa ap- 
parent molecular mass (37K and 42K) within a region of 
diffuse reactivity between 36 and 48 kDa apparent mo- 
lecular mass. 

Expression of the recombinant gG-1 s differed in two 
respects, (i) The intensity of the reaction with both anti- 
bodies was higher in extracts of cells infected with 
AcDSMgG-1 than with Ac373'gG-1 (Fig. 2A). (ii) In ex- 
tracts of Sf9 cells infected with AcDSMgG-1, 42K 
reacted more than 37K. In extracts of Sf9 cells infected 
with Ac373'gG-1 , the opposite was true, with 42K be- 
ing very faint. 

Slot-blot analysis was used to eliminate difficulties 
inherent in quantifying multiple diffuse bands in elec- 
tropherograms. The intensity of the reaction was about 
fourfold greater in extracts harvested from cells in- 



fected with AcDSMgG- 1 than with Ac373'gG-1 at ei- 
ther 1 00 hr p.i. (Fig. 2B) or 72 hr p.i. (data not shown). 
Thus more gG-1 was expressed from the construct 
that mimicked the polyhedrin 5' nontranslated leader 
sequence (AcDSMgG- 1) than from the construct that 
contained 21 extraneous nucleotides in this region 
(Ac373'gG-1). 

We monitored the levels of gG-1 production and the 
ratios of intensity between the two major gG- 1 bands in 
the two recombinants as a function of time after infec- 
tion (Fig. 3A). The major gG-1 bands (37K and 42K) 
were first detected at 36 hr p.i. At all time points, more 
gG-1 was detected in the lanes containing extracts 
from cells infected with AcDSMgG-1 (Fig. 3A, lanes b). 
The maximum expression with both recombinants oc- 
curred at about 72 hr p.i. As was previously seen at 
100 hr p.i., at all time points 42K was more abundant 
than 37K in AcDSMgG- 1 -infected cells (lanes b), while 
in Ac373'gG-1 -infected cells (lanes a), 37K was more 
abundant than 42K. This indicates that the difference 
in processing of gG-1 may be due to differences be- 
tween the transfer vectors. Similar patterns and levels 
of synthesis were observed in two independently 
plaque-purified progeny of the transfection that pro- 
duced Ac373'gG-1 (data not shown). 

Treatment of AcDSMgG- 1 -infected Sf9 cells with 
tunicamycin, an inhibitor of a precursor necessary for 
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Fig. 3. Synthesis and processing of baculovirus-expressed gG-1. (A) Time course of the synthesis of gG-1 in Ac373'gG-1 -infected and 
AcDSMgG-1 -infected (lanes a and b, respectively) Sf9 cells. Cells were harvested at the indicated times, treated as those in Fig. 2A, and reacted 
with a HSV-1 -positive human serum specimen. (B) Immunoblot of proteins extracted from Sf9 cells infected with AcDSMgG-1 and grown in the 
presence (+) or the absence (-) of 3 /zg/ml tunicamycin from 24 hr px until 54 hr p.i. Blots were reacted with gG- 1 -specific monoclonal antibody 
(H1379). (C) Immunoblot analysis of proteins extracted from Sf9 cells infected with AcDSMgG-1 and from HEp-2 cells infected with HSV-1(F); 
about 100-fold more infected cells of the latter were used. Myosin (200 kDa) and 0-galactosidase (1 16.3 kDa) were used in addition to the 
molecular mass standards used in Fig. 2. The apparent molecular mass of bands discussed in the text (arrows) is indicated. 



N-linked glycosylation (Hemming, 1982), resulted in a 
great reduction in the intensity of all the bands over 37 
kDa apparent molecular mass, most prominently 42K, 
and an increase in the intensity of an otherwise very 
faint species of 36 kDa apparent molecular mass (36K) 
(Fig. 3B). The abundant 37K is of similar intensity in 
infected cells cultured either in the presence or in the 
absence of tunicamycin. In heavily loaded gels, spe- 
cies of 77 and 87 kDa apparent molecular mass (77K 
and 87K) were replaced by species of 74 and 83 kDa 
(74K and 83K) apparent molecular mass (data not 
shown). 

In a comparison of baculovirus- and HSV-1 -ex- 
pressed gG-1 , major bands with apparent molecular 
masses of 42 and 43 kDa (42K and 43K) and a smear 
between 50 and 57 kDa apparent molecular mass 
were found in extracts of HEp-2 cells infected with 
HSV-1 (F) (Fig. 3C). In heavily loaded gels, the smear 
extended to 66 kDa apparent molecular mass (not 
shown). 

Synthesis and processing of baculovirus-expressed 
gG-2 

Replica immunoblots of extracts of Sf9 cells infected 
with AcDSMgG-2, wild-type baculovirus, or uninfected 
were reacted with either a HSV-2-positive and a HSV- 
1 -negative human serum specimen or with a gG-2-spe- 



cific monoclonal antibody (H1206) (Lee et at., 1985) 
(Fig. 4A). In lanes containing extracts from AcDSMgG- 
2-infected cells, both antibodies reacted with bands 
with apparent molecular masses of 107,118,1 28, and 
143 kDa (107K, 118K, 128K, and 143K). The human 
serum specimen reacted most strongly with 1 28K, and 
the monoclonal antibody with 1 1 8K. This difference in 
reactivity between the human serum and the monoclo- 
nal antibody is not a general phenomenon, inasmuch 
as other human serum specimens reacted most 
strongly with 1 18K (data not shown). In overloaded 
gels a weakly reactive protein with an apparent molecu- 
lar mass of 34 kDa (34K) was detected. 

We monitored expression of gG-2 in recombinant 
baculovirus-infected cells as a function of time after 
infection (Fig. 4B). Only one band (1 1 8K, open triangle) 
was detected at the earliest time point examined (24 hr 
p.i.). By 36 hr p.i. it had increased in intensity and two 
faint bands appeared (1 07K and 1 28K, solid triangles). 
From 48 hr p.i. onward, the four bands (107K, 1 18K, 
1 28K, and 1 43K) previously seen at 1 00 hr p.i. (Fig. 4A) 
were visible, with the maximum accumulation of pro- 
tein at 72 hr p.i. The weakly reactive 34K protein was 
first detected at 36 hr p.i. 

In the electrophoretic pattern of extracts of Sf9 cells 
infected with AcDSMgG-2 and treated with tunicamy- 
cin, bands migrating with apparent molecular masses 
of 1 05, 1 1 0, and 1 20 kDa (1 05K, 1 1 0K, and 1 20K) were 
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Fig. 4. Synthesis and processing of baculovirus-expressed gG-2. (A) Proteins extracted at 1 00 hr p.i. were separated in a 99b SDS-PAGE gel, 
then transferred to nitrocellulose, and reacted with the indicated antibodies. (B) Time course of the synthesis of gG-2 in AcDSMgG-2-infected 
Sf9 cells. Proteins extracted from cells harvested at the times indicated were treated as those in A and then reacted with gG-2-specific 
monoclonal antibody {H1 206). (C) Immunoblot of proteins extracted from Sf9 cells infected with AcDSMgG-2 and grown in the presence (+) or 
the absence (-) of 3 /ig/ml tunicamycin from 24 to 54 hr p.i. Blots were reacted with gG-2-specific monoclonal antibody (H 1 206). (D) Immunoblot 
analysis of proteins extracted from Sf9 cells infected with AcDSMgG-2 and from HEp-2 cells infected with HSV-2(G); about 1.8-fold more 
infected cells of the latter were used. Molecular mass standards were the same as those for Fig. 3. The apparent molecular mass of bands 
discussed in the text (arrows or triangles) is indicated. 



present, whereas in untreated cells, the 107K, 1 18K, 
128K, and 143K species were seen (Fig. 4C). In over- 
loaded gels, a band migrating with an apparent molecu- 
lar mass of 30 kDa was present in the extract of in- 
fected cells treated with tunicamycin, in contrast with 
the 34K species seen in untreated cells (data not 
shown). 

In comparisons of baculovirus- and HSV-2-ex- 
pressed gG-2, in the lane containing extracts from 
HEp-2 cells infected with HSV-2(G)(Fig. 4D), a smear of 
reactivity was seen ranging from an apparent molecu- 
lar mass of 78 through 1 18 kDa with distinctive spe- 
cies at 78, 107, and 118 kDa apparent molecular 
mass. In overloaded gels, a faint band with apparent 
molecular mass of 36 kDa was detected (data not 
shown). 

HSV type specificity of the reaction of human serum 
specimens with the baculovirus-expressed proteins 

Proteins in extracts of Sf9 cells expressing the re- 
combinant gG-1 or gG-2 were tested for reactivity with 
10 different human serum specimens previously char- 
acterized by using an HSV type-specific I HA (Bernstein 
and Stewart, 1971). As a representative example, pat- 
terns obtained with 3 of these 10 specimens are 
shown in Fig. 5. Using the gG-1 37K and 42K species 
and the gG-2 1 1 8K species, plus either or both of the 



128K and 143K species, as markers of HSV-1 and 
HSV-2 type-specific reaction, respectively, a serum 
specimen positive for HSV-1 and negative for HSV-2 by 
I HA, and a serum specimen positive for HSV-2 and 
negative for HSV-1 by IHA, each reacted in a type-spe- 
cific manner in the immunoblot assay (Figs. 5A and 5B, 
respectively). A serum specimen weakly positive for 
both types of antibodies by IHA reacted with the 
gG-1 -specific 37K and 42K species (empty triangles) in 
the lane of the recombinant gG-1, and reacted weakly 
but clearly with the gG-2 1 1 8K and 1 28K species (full 
triangles) in the lane containing recombinant gG-2 (Fig. 
5C). We have seen various patterns of weak reactivity 
between human serum specimens and extracts of 
wild-type baculovirus-infected Sf9 cells as well as unin- 
fected cells. The faint bands seen at 36 kDa apparent 
molecular mass in the gG-2 lanes of Fig. 5, as well as 
the bands seen at 1 70 kDa apparent molecular mass in 
Fig. 5C, are examples of these reactions. In no case 
was the reactivity of an extent or nature to lead to ambi- 
guity in interpretation. Results obtained with the other 
seven serum specimens were in agreement with the 
IHA results (data not shown). 

DISCUSSION 

We constructed a transfer vector, pAcDSM, that fa- 
cilitates the construction of recombinant baculovir- 
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Fig. 5. Immunoblot analysis of the HSV type specificity of the reac- 
tion of human serum specimens with AcDSMgG-1- and AcDSMgG- 
2-infected Sf9 cell extracts. Proteins were separated by SDS-PAGE 
in a 11% gel, transferred to nitrocellulose, and then reacted with 
serum specimens known to be HSV- 1 -positive and HSV-2-negative 
(A), HSV- 1 -negative and HSV-2-positive (B), and having a low positive 
titer to both HSV-1 and HSV-2 (C). Bands considered to be diagnos- 
tic for HSV-1 -specific reactivity are indicated with open triangles, and 
those for HSV-2 with solid triangles. Molecular mass standards were 
the same as those for Fig. 3. 



uses containing no missing or extraneous nucleotides 
in the region 5' to the translation initiation codon. No 
other vector reported to date allows such constructs. 
Although we did not compare the performance of this 
vector with that of recently described vectors (Mat- 
suuraefa/., 1987; Luckow and Summers, 1989) which 
more closely, albeit imperfectly, mimic the gene ex- 
pression control environment of the native polyhedrin 
gene than earlier transfer vectors (Smith et a/., 1 985), 
we did observe fourfold greater expression of gG-1 
from pAcDSM than from a construct that contains 21 
extraneous nucleotides in the 5' nontranslated leader 
sequence. The nature of pAcDSM will allow careful 
dissection of the environment in the vicinity of the 
translation initiation codon through the construction of 
viruses with precise sequence modifications in this re- 
gion. 

Unexpectedly, in addition to the difference in the 
level of expression between the two gG-1 -expressing 
recombinants, we observed a difference in the ratio of 
nonglycosylated precursor (37K, see below) to glyco- 



sylated product (42K), with gG-1 expressed from 
AcDSMgG-1 being the most efficiently processed. In- 
asmuch as the gG-1 coding sequence was not altered 
during the construction of the recombinants, these re- 
sults indicate an effect of mRNA structure on protein 
processing efficiency. Further studies will be required 
to test this hypothesis. 

Biosynthesis of gG-1 

A scenario for the biosynthesis of gG-1 in baculo- 
virus-infected Sf9 cells that accounts for our results is 
as follows: The 37K species is insensitive to tunicamy- 
cin and is likely to be the primary nonglycosylated 
translation product with its signal peptide uncleaved, 
indicating that it was not translocated to the lumen of 
the rough endoplasmic reticulum. The 36K species is 
most abundant during growth in the presence of tuni- 
camycin and would be the nonglycosylated translation 
product without its signal peptide. The broad band pro- 
duced by 42K, which is sensitive to tunicamycin, would 
be the translation product after having its signal pep- 
tide removed and being N-linked glycosylated. Species 
77K, 87K, and 200K are likely to be products of further 
processing. In heavily loaded gels, 77K and 87K were 
replaced by 74K and 83K species upon treatment with 
tunicamycin (data not shown), indicating that the gener- 
ation of the low mobility gG- 1 -reactive molecules is not 
dependent on N-linked glycosylation. The low mobility 
gG-reactive polypeptides are not likely to represent gG 
oligomers, because cell lysates were boiled in the pres- 
ence of a detergent, a reducing agent, and urea prior to 
electrophoresis. The low abundance of the 33K spe- 
cies is likely to be the result of proteolytic degradation. 

The biosynthesis of gG-1 in baculovirus-infected in- 
sect cells differs in several respects from its synthesis 
in mammalian cells infected with HSV-1- or gG-1 -ex- 
pressing vaccinia virus recombinants. In a direct com- 
parison of baculovirus- and HSV-1 -expressed gG-1 , we 
observed products with apparent molecular masses of 
42 and 43 kDa in HSV-1 -infected cells which comi- 
grated with 42K. It is possible that the 42- and 43-kDa 
species found in HSV-1 -infected cells correspond to 
the 44- to 48-kDa species reported by others (Acker- 
mann et al., 1 986) using the same strain of virus (strain 
F) and the same monoclonal antibody (H1379). How- 
ever, the relationship between these products and the 
closely migrating products found in the baculovirus-in- 
fected cells is not clear. The baculovirus-expressed 
protein is tunicamycin sensitive and thus glycosylated, 
as is a product of similar size found in cells infected 
with a vaccinia virus/gG-1 recombinant (Sullivan and 
Smith, 1987), while the HSV-1 product is poorly labeled 
with glucosamine (Ackermann era/., 1 986). In addition, 
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a similarly sized product is synthesized in the presence 
of tunicamycin in HSV-1 strain HFEM-infected cells 
(Richman et al, 1986). 

Biosynthesis of gG-2 

A scenario for the biosynthesis of gG-2 in baculo- 
virus-infected Sf9 cells is as follows: 107K is the pri- 
mary translation product including the signal peptide. 
This is based on two observations, (i) It is synthesized 
in the absence of tunicamycin. (ii) Since no species 
migrating faster than 105K were detected in cells in- 
fected in the presence of tunicamycin, 1 07K is inferred 
to not be N-linked glycosylated, is therefore likely to be 
unaffected by tunicamycin treatment, and is probably 
obscured by the other species in the gel. The 105K 
species is the primary translation product after cleav- 
age of its signal peptide based on its increase in abun- 
dance in the presence of tunicamycin. The tunicamy- 
cin-sensitive 118K is the cleaved primary translation 
product after N-linked glycosylation. Species 1 28K and 
1 43K, and 1 1 0K and 1 20K, synthesized in the absence 
or presence, respectively, of tunicamycin are possibly 
the products of O-linked glycosylation. The tunicamy- 
cin-sensitive 34K is likely to be the result of a proteo- 
lytic degradation. 

As with gG-1 , there were significant differences be- 
tween the biosynthesis of gG-2 in baculovirus-infected 
insect cells and that in HSV-2-infected mammalian 
cells. In both baculovirus- and HSV-2-infected cells a 
tunicamycin-sensitive product of 118-kDa apparent 
molecular mass is synthesized. In baculovirus-infected 
cells, it appears that this product is processed further 
into higher molecular mass forms, but in HSV-2-in- 
fected cells this product is cleaved to generate species 
of 31 kDa (31K) (Su et al., 1987) and 74 kDa (74K) 
(Balachandran and Hutt-Fletcher, 1985) apparent 
molecular mass. The 74K species is subsequently 
O-linked glycosylated yielding a species of 105 kDa 
apparent molecular mass (Balachandran and Hutt- 
Fletcher, 1985). The 31 K species is further glyco- 
sylated to a species of 34-kDa apparent molecular 
mass, which is efficiently secreted from infected cells, 
and it is not detected by the same monoclonal antibody 
that detects the higher mobility products (Su et al., 
1987). This 34-kDa apparent molecular mass HSV-2- 
infected cell species differs from the similarly sized 
product we observed in recombinant baculovirus-in- 
fected cells, in that the baculovirus product reacts with 
the same monoclonal antibody as do the lower mobility 
products. 

HSV type specificity of baculovirus expressed gG 

The several differences in the synthesis and process- 
ing of gG-1 and gG-2 in insect cells, relative to that 



observed here and by others during infections of mam- 
malian cells with HSV, reflect differences in protein pro- 
cessing mechanisms between insect and mammalian 
cells. Despite these differences, the recombinant pro- 
teins were recognized in a HSV type-specific manner 
by the 1 0 human serum specimens tested here. To 
further test the use of the baculovirus expressed pro- 
teins as substrates for serologic tests we are currently 
testing a set of over 80 serum specimens that had 
previously been characterized using gG immunodot 
assays (Lee et al., 1985, 1986; Nahmias etal., 1986). 
Preliminary results confirm the type specificity of bacu- 
lovirus-expressed gG-1 and gG-2 (SSnchez-Martfnez et 
aL, unpublished data). 

ACKNOWLEDGMENTS 

We thank Martha Kay Personnette for technical assistance, John 
Stewart for the welt-characterized human sera, Brian P. Holloway for 
the synthesis of the oligomers, and Carlos Lopez for helping initiate 
this work. 

REFERENCES 

ACKERMANN, M., LONGNECKER, R., ROIZMAN, B. t and PEREiRA, L. 

(1 986). Identification, properties, and gene location of a novel gly- 
coprotein specified by herpes simplex virus 1 . Virology 1 50, 207- 
220. 

Ashley, R. L, Militoni, I, Lee, F., Nahmias, A., and Corey, L. (1 988). 
Comparison of Western blot (immunoblot) and glycoprotein G-spe- 
cific immunodot enzyme assay for detecting antibodies to herpes 
simplex virus types 1 and 2 in human sera. / Clin. Microbiol. 26, 
662-667. 

Balachandran. N., and Hutt-Fletcher, L. M. (1985). Synthesis and 
processing of glycoprotein gG of herpes simplex virus type 2. J. 
Virol. 54, 825-832. 

Bernstein, M. T., and Stewart, J. A. (1971). Method for typing anti- 
sera to herpesvirus hominis by indirect hemagglutination inhibi- 
tion. Appl. Microbiol. 21, 680-684. 

Ejercito, P. M., Kieff, E. D., and Roizman, B. (1968). Characteriza- 
tion of herpes simplex virus strains differing in their effects on 
social behavior of infected cells. / Gen. Virol 2, 357-364. 

Frame, M. C, Marsden, H. S., and McGeogh, D. J. (1986). Novel 
herpes simplex virus type 1 glycoproteins identified by antiserum 
against a synthetic oligopeptide from the predicted product of 
gene US4.7. Gen. Virol. 67, 745-751. 

Hemming, F. W. (1 982). Control and manipulation of the phosphodo- 
lichol pathway of protein N -glycosylation. Biosci Rep. 2, 203-22 1 . 

Hooft Van Iddekinge, B. J. L., Smith. G. E., and Summers, M. D. 
(1983). Nucleotide sequence of the polyhedrin gene of Auto- 
graphs calif ornica nuclear polyhedrosis virus. Virology 131, 561 - 
565. 

Honess, R. W.. and Watson, D. H. (1977). Unity and diversity in the 

herpesviruses. / Gen. Virol. 37, 1 5-37. 
Howard. S. C. Ayres, M. D., and Posse, R. D. (1986). Mapping the 

5' and 3' ends o\ Autographs cafifomica nuclear polyhedrosis virus 

polyhedrin mRNA. Virus Res. 5, 109-119. 
Kieff, E., Hoyer. B. ( Bachenheimer, S.. and Roizman, B. (1972). Ge- 
netic retatedness of type 1 and type 2 herpes simplex viruses. / 

Virol. 9, 738-745. 
Kozak, M. (1 981). Possible role of flanking nucleotides in recognition 

of the AUG initiator codon by eukaryotic ribosomes. Nucleic Acids 

Res. 9, 5233-5252. 



238 



r 



SANCHEZ-MARTINEZ AND PELLETT 



laemmu, U. K. (1970). Cleavage of structural proteins during the 
assembly of the head of the bacteriophage T4. Nature (London) 
221, 680-685. 

Lee, F. K„ Coleman, R. M., Pereira, L, Bailey, P. D., Tatsuno, M„ 
and Nahmias, A. (1985). Detection of herpes simplex virus type 
2-specific antibody with glycoprotein G. 7. Clin, Microbiol. 22 f 
641-644. 

Lee, F. K. ( Pereira, L, Griffin, C, Reid, E., and Nahmias, A. (1 986). A 
novel glycoprotein for detection of herpes simplex virus type 1 -spe- 
cific antibodies. / Virol. Methods 14, 1 1 1-1 18. 

Luctcow, V. E., and Summers, M. D. (1988). Trends in the develop- 
ment of baculovirus expression vectors. Bio/Technology 6, 47- 
55. 

Luckow, V. E., and Summers, M. D. (1989). High level expression of 
nonfused foreign genes with Autographa californica nuclear poly- 
hedrosis virus expression vectors. Virology 170, 31-39. 

Ludwig, H. 0., Biswal. N., and Benyesh-Melnick, M. (1 972). Studies 
on the relatedness of herpesviruses through DNA-DNA hybridiza- 
tion. Virology 49, 95-1 0 1 . 

Maniatis, T., Fritsch, E. F.. and Sambrook, J. (1982). "Molecular 
cloning: A laboratory manual." Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York. 

Marsden, H. S., Buckmaster, A., Palfreyman, J. W., Hope, R. G„ 
and Minson. A. C (1984). Characterization of the 92,000-dalton 
glycoprotein induced by herpes simplex virus type 2. 7. ViroL 50, 
547-554. 

Matsuura, Y., Possee, R. D., Overton, H. A., and Bishop, D. H. L. 
(1 987). Baculovirus expression vectors: The requirements for high 
level expression of proteins, including glycoproteins. J. Gen. Virol. 
68, 1233-1250. 

McGeoch, D., Dalrymple, M. A., Davison, A. J., Dolan, A., Frame, 
M. C, McNab, D., Perry, L J., Scott, J. E., and Taylor. P. (1988). 
The complete DNA sequence of the long unique region in the 
genome of herpes simplex virus type 1.7. Gen. ViroL 69, 1531- 
1574. 

McGeoch, D., Moss, H. W. M. t McNab, D., and Frame, M. C. (1 987). 
DNA sequence and genetic content of the Hin6\\\ I region in the 
short unique component of the herpes simplex virus type 2 ge- 
nome: Identification of the gene encoding glycoprotein G, and 
evolutionary comparisons. 7. Gen. ViroL 68, 19-38. 

Morse, L. S., Buchman, T. G., Roizman, B., and Schaffer, P. A. 
(1 977). Anatomy of herpes simplex virus DNA. IX. Apparent exclu- 
sion of some parental DNA arrangements in the generation of 
intertypic (HSV-1 X HSV-2) recombinants. J. ViroL 24, 231-248. 

Nahmias, A. J., and Dowdle, W. R. (1968). Antigenic and biologic 
differences in herpesvirus hominis. Prog. Med. Virol. 10, 110- 
159. 



Nahmias, A., Josey, W. E., Naib, Z. M., Luce, C. and Duffey, C. 
(1970). Antibodies to herpesvirus hominis types 1 and 2 in hu- 
mans. I. Patients with genital herpetic infections. Am. J. Epidemiol. 
1,539-546. 

Nahmias, A. J., Lee, F. K.. Pereira, L, Reid, E., and Wickliffe. C. 
(1 986). Monoclonal antibody immunoaffinity purified glycoproteins 
for the detection of herpes simplex virus type 1 and type 2 specific 
antibodies in serum. In "Human Herpesvirus Infections" (C. Lopez 
and B. Roizman, Eds.), pp. 203-210. Raven Press, New York. 

NoRRANDER, J., Kempe, T., and Messing, L (1983). Construction of 
improved M 1 3. vectors using oligodeoxynucleotide-directed muta- 
genesis. Gene 26, 101-106. 

Richman, D. D., Buckmaster, A., Bell, S., Hodgman, C, and Min- 
son, A. C. (1986). Identification of a new glycoprotein of herpes 
simplex virus type 1 and genetic mapping of the gene that codes 
for it. 7. ViroL 57, 647-655. 

Roizman, B., Norrild, B., Chan, C, and Pereira, L (1 984). Identifica- 
tion and preliminary mapping with monoclonal antibodies of a 
herpes simplex virus 2 glycoprotein lacking a known type 1 coun- 
terpart. Virology 133, 242-247. 

Sahdu, C.. and Gedamu, L. (1 988). A procedure for the preparation of 
RNA-free plasmid DNA. BioTechniques 6, 20-21 . 

Saiki, R. K., Scharf.'S., Faloona, F., Mullis, K. B., Horn, G. T., 
Erlich. H. A., and Arnheim, N. (1985). Enzymatic amplification of 
0-globin genomic sequences and restriction site analysis for diag- 
nosis of sickle cell anemia. Science 230, 1350-1 354. 

Smith, G. E., Ju, G. t Ericson. B. L. Moschera, J., Lahm, H-W., Chiz- 
zonite, R., and Summers, M. D. (1 985). Modification and secretion 
of human interleukin 2 produced in insect cells by a baculovirus 
expression vector. Proc. Natl. Acad. Sci. USA 82, 8404-8408. 

Su, H. K. ( Eberle, R., and Courtney, R. (1987). Processing of the 
herpes simplex virus type 2 glycoprotein gG-2 results in secretion . 
of a 34,000-M, cleavage product. 7. Virol. 61, 1735-1737. 

Sullivan, V., and Smith, G. L. (1987). Expression and characteriza- 
tion of herpes simplex type 1 (HSV- 1 ) glycoprotein G (gG) by recom- 
binant vaccinia virus: Neutralization of HSV-1 infectivity with anti- 
gG antibody. J. Gen. Virol. 68, 2587-2598. 

Summers, M. D., and Smith, G. E. (1 987). "A manual of methods for 
baculovirus vectors and insect cell culture procedures." Texas 
Agricultural Experiment Station Bulletin No. 1 555. 

Towbin, H., Stahelin, T., and Gordon, J. (1979). Electrophoretic 
transfer of proteins from polyacrylamide gels to nitrocellulose 
sheets: Procedure and some applications. Proc. Natl. Acad. Sci. 
USA 76, 4350-4354. 

Vieira, J., and Messing, J. ( 1 982). The pUC plasmids, an M 1 3mp7-de- 
rived system for insertion mutagenesis and sequencing with syn- 
thetic universal primers. Gene 1 9, 259-268. 



